ED 225 873. 

AUTHOR 
TITLE . 

INSTITUTION 
REPORT NO 
PUB DATE 
NOTE ^ 

PUB TYPE ' 

EDRS PRICE 
DESCRIPTORS 



DOCUl^^ljT RESUME - " 

' *" • Se' 0»40 366 ^ ' 

Taylor, Hugh, Ed. ♦ . 

British 'Columbia Science Assessment 1982. Summary. 
Report. / . . • 

Brit ish' Columbia Dept. of Education, Victoria. 
ISBN-0-^7719-9081-2 
Sep 82 

64p.; For related documents, see ED 190 598, SE 040 
365-367. • ' ' 

Reports - Evaluative/Feasibility (142) • ' 

•MF01/PC03 Plus Postage. 

*Academic Achievement; Bilingual Students; 
*Edu(iational Assessment; Elementary School Science; 
Elementary Secondary Education; '*Science Education; 
. Science I-nterests; *Science Programs; Science 

• . Teachers; Secondary School Science; Sex Differences; 

♦student Attitudes; Student Characteristics; Teacher 

Attitudes; ■ Teacher Characteristics;' *Teacher.* 

' . Education 

IDENTIFIERS * Canada- . " • • 

ABSTRACT " . 

This summary report is a- condensati on of the Bnitish 
Columbia Science Assessment 1982, General Report, summarizing j(nd 
highlighting data and' recommendations relative to the status of 
elementary and' secondary science education in British Columbia 
schools. .The report Is divided into four major sections: (1) purposes 
and organization pf the assessment; (2) attitudes and achievement of 
science students;. (3) backgrounds and opinions of science teachers; 
and (4) recpmmendjitions . Achievement and attitudes of over 80 000 
students were assessed at grades 4, 8, and 12, and included a sample 
of approximately J2, 000 grad^ 10 ^students. In general, attitudes of 
students toward yarioifs aspects of science were quite positive. 
However, achievement ,•' as judged by Informed members of various 
panels, was rated low. Achievement measured including science 
processes, knowledge (recall and understanding),' and higher level 
thinking. Sex-related and language background differences are also 
considered. Approximately 2,000 elementary and secandaryi science, 
teachers responded to questionnaires (modified by a 1978'" survey.) . ' 
Findings summarized focus on teacher characteristics,- science 
background, science curriculum/programs', pre-Zin'^service teach'er 
education, classroom activities, and impac.t of the 1978 survey on 
science education. Eleven major recommendations are provided in the 
final section, with pre-/in-service teacher education .singled out for 
special consideration and priority, recommendations. (Author/JN) 



* Reproductions supplied by EDRS are the best that can be made * 

from the origi.nal document. * 
*********************'****** 



J 



CO 

UJ 



1982 

BRITISH COLUMBIA 
SCIENCE ASSESSMENT 




U S. DEPARTMENT OF EDUCATION 

NAtiONAL INSTITUTE OF EOUCATrON 

EOUCATiONAL RESOURCES INFdRMATlON 
/ CENTER (ERiCj 

y Th.s document has been re'prodaced as 
'ec*.ve(3 frco> th. person or or<^n.,at.on 

cfiginating ir 

M.nor Changes fr.ve bet«r. ^,cl. to ,r..prov,- 
^CptCHiuUton quality 

• Po,mi, of vtew or opinions stated ,n th,s docu 
ment do not necfjssar.fy reDreseot oHicaf NiE 
position or policy 



4 ? 






Summary 
Report 




''PERMISSION TO REPRODUCE THIS 
:l ^^SUS'^ MATERIAL HAS BEEN GRANTED BY 



^r;: r '"^ T^^^^^^^^^pr^^>^ ^ MAlbHIALHASBEENGF 



T.O THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC).'* 



ERIC 



A REPORT TO 

THE MINISTRY OF. EDUCATION 
PROVINCE OF BRITISH COLUMBIA 



The 1982 B.C. Science Assessment 



SUMMARY REPORT 



Hugh Taylor, Editor 



. Submitted to the 
Learning 'Assessment Branch 
Ministry of Education ' 



The Science Assessment Cnntrart. Team 



Hugh Taylor (Chairman) 



Robert Hunt 



John Sheppy 



David Stronck 



Faculty of Education 
University of Victoria 

Teacher 

Victoria S-.D. 
• *. ' • 

Faculty of Education 
University of Victoria 

"Faculty of Education. " 
University of Victoria 



September, 1982 



4 



Canadian C.ata'ogu'ng in Publication Data 

Main entry ikider title: 

British Columbia science assessment : summary 
report 

• Spine title: Summary report, science assessment 
1982. 

Bibliography: p. 

ISBN O-TTI9-908I-2 

1. .Science - Study and teaching - British 
Columbia - Evaluation." 2 . 'Educational tests and 
measurements - British" Colimibia. 3. Carriculura 
evaluation. I. Taylor, Hugh. II. British 
Columbia. Ministry of Education. III. British 
Columbia. Learning Assessment Branch. Science 
Assessment Contract Team. IV. Title: Summary 
report, science assessment '1982. 

LB1585,.5.C3BTUi •■507M0711 ' c82-09232i*-9 



ERIC 



4 



f 



" -■ ~ ■ >. - • 

THE 1982 B.C. 

Advisory .Committee . 
Albert Haynes (Chairman)' 

* David Bateson 

• Mary Cooper 

Jack Corbett 

Barbar^i Holmes 

Marion Langdale 

Alan Littler 
. Peter M^cMillan 

: ^ Milt McLaren 

Ernie Norl»in 

Tom Robinson 
1 

Hugh Taylor 
Elizabeth Welch-Wilson 



SCIENCE ASSESSMENT 



Learning Assessment Branch 
Ministry of Education 

Learning Assessment Branch 
Ministry of Education 

Educational Planning & Research 
B.C. f?esearch 

Principal 
' Abbotsfbrd School District 

Jducational Planning & Research 
B.C. Research 

• Soience Faci 1 itator/Envi ronmental 
Coordinator 

West Vancouver School District 
« 

Trys^tee 

Sooke School District 
Teacher 

Burns .Lake S.D.(1981) 
Kami oops S.D.(1982) 

Faculty of Education 
Simon Fraser Uriiversity 

Vice-Principal 

Shuswap School District 

' Principal* 
Cowichan School District ^ 

Faculty of Education 
University of Victoria 

Curriculum Coordinator 
Nelson School District 



THE 1982 B.C. 'SCIENCE ASSESSMENT 

Technical Sub-Committee 

David Bateson (Chairman) Learning AsseJ^ment Branch 

^ ^Ministry of Education . 

Mary Cooper -Educational Planning & Research 

BX* Research 

Albert Haynes ' Learning Assessment Branch 

' , Ministry of Education 

Barbara Holmes ' Educational Planning & Research 

BX. Research 

Hugh Taylor ^ Faculty of Education 

' ' / ^* ^ - University of Victoria 



* - ' PREFACE 

• , ■ i 

This Summary Report is a condensation ,bf the British Colombia' Scienr. 
Assessment 1982, General Report, which Ms available" from the Learning Assessment 
^ Branch. Ministry of^Educat.i o.." These" reports , present data and recomendati.ns 
relative to- the status of science education in the schools 'of BrUish Columbia. 

Achievement and attitudes Sf pupils were assessed at Gr^de^' 4.8." and 12 and 
inclucfed an approximate 2,000 pupil sample at Grade lo/ In general, attitudes of 
r pupils towards various aspects of science Were quite positive. How.ever, aehieve- 
ment. as judged by infornjed members of variou^ panels, was rated low. 

The achievement data and responses of teachers' to questionnaires dealing 
with science te^hing co;,ditions were studied by the Contract Team and the 
Science Assessment Advisory Committee. A number of recommendations evolved. 

« 

^ .These are presented i a Chapter 4 of this report. , ' • , , 
. • ^ It is the hope bf the Contract Team that the Ministry of Educatioi^. the 
universiti^es. the teaching profession and the public at large will seriously 
consider and act upon these relatively 'conservative recommendations. " 



Hugh .Taylor 

for the Contract Team 
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CHAPTER 1 

1982. SCIENCE ASSESSMENT: PURPOSES AND ORGANIZATION 



' Purposes of 1982 British Columbia Science A ssessment 

RriHch'?"? V^' 'P'V"? Students and nearly 2000 teachers in 

British Columbja participated in the 1982 Science Assessment. The assessmentwis 
the second evaluation in the area of science, the first occurring in 1978 The 
assessments were part of the continuous assessment cycle in various subject' areas 

SriH.l'r 1 k''''m''-^? '"^^^'^ conducted the Learning Assessment Branch! 
BritisH Columbia Ministry of Education. In general, the basic purpose of 

rJT.l^^\''■^^°. ''''''' ^^'^ important decisions about education' are based on 
.rh PvpLn? concerning both the learning conditions and 'pupil 

achievement at provincial and school district levels. • ^ / 

norcJ?^ -^^^J Assessment' was also planned to provide information to 

per ons .involved in science, education in British Columbia. Thereforer the 
following .aims formed ^a. framework around which the assessment was designed: 

-1. Establishment of' baseline provincial and schooV district student 
achievement data on selected domains rated as priorities in the 
updated Science Curriculum Guides. . • ■ - 

2. Provision of provincial and school district data on changes in 
student achievement on Curriculum Guide objecti/es in selected' 
domains from 'the 1978 Science Assessment. 

. 3. Development of«a bank of B.C. curriculum-rel ate'd test items for 
subsequent production of achievement instruments for optional 
use by classroom teachers as part of their evaluation of 
' . students. 

4. Documentation of cyrrent classroojji practices and identification 
of significant changes since the 1978 assessment. 

5. Assessment of the extent to which change has taken place- in the 
non-achievement .areas (e..g.. facilities, equipment .supplies . ' 
attitudes); which were identifi^.as concerns 'in 1978. 

6-. Identification -of the current context within - which science 
curricula are used. 

7. Examination of initial reactions to changesAevisions/updates in 
science curricula since 1978. 



1.2 Organization of the 1982 Science Assessment 



The assessment was a cooperative enterprise which included over one hundred 
individuals from varit)us parts of British Columbia. The vast majority of parti- 
cipants invoTved in the planning,, development and completion of the assessme-nt 
were practising science teachers. Names of the various participants are li'sted* 
at the beginning of this report and in the Appendices. 

The assessment was .accomplished through the activities of three major 
groups: the Learnin^g Assessment Branch, a Contract Team, and a Technical Agency 
(see Figure 1). The main responsibilities of these groups are briefly described 
in the following three sections. 



Learning Assessment Branch 



Advisory Committee ^ 
Technical Sub-Cfommi ttee 
Provincial R^eview Panels 
Provincial Interpretation Panels 



Contract Team 



Technical Agency 



Other personnel within the - 

Mini stry 
School, Districts 
Other provincial educational 

organizations 



Fi^re 1. Organizational structure of the 1982 Science Assessment.^ 



1.2.1 l/earning Assessment Branch 

The Learning Assessment Branch, Ministry of Education was responsible for, 
and coordinated, all activities. These ^included, among others: 

establishing the terms of reference for the Contract Team and 
Technical Agency and coordinating the selection of these groups 

chairing the Advisory Committee and the Technical Sub-Committee 

arranging and conducting the Provincial Review and Interpreta- 
tion Panels ^ . , 

^ printing all survey instruments and final provincial reports 

coordinating ' al 1 necessary arrangements with districts and 
scfii^olyfor the con^luct of the assessment 




Contract Team - _ .. " 

' . The Contraet Team consisted of three members of the Faculty of Education. 
UfiivePsUy of Victoria and a science teacher from the Greater Victoria School 
Uistnct; The specific responsibi 1 i-ti es of the Contract Team included: ' 

■• , developing instruments 'appropriate for assessing student learn- 
ing on a province-wide basis, including amplifying currlculumL^ 
.objectives, developing a pool of achievement items. 'anr*^ 
generatlf^l^flnal achi evement ^fortus ba'&ed on feedback from pro- 
vinc^ial Review Panels and pilot survey results 

designing g 'Table of Specifications 'for the achie^ment survey 
instruments used at grades 4, 8 and-10/12 * ^ 

•developing i'tems foi^ constructing strancls test-s at. the grade 3/4 
and 7/8 levels . ^ • ' 

developing instruments suitable for a survey of irvstructional 
practices ' . - .-^'^ 

preparing contents of instruments for- the piloTphase 

■participating as -resource -fie r^onnel duri ng 'the \lnterpretation 
Panels • • - . ■ 

developing and preprriTigVfjrovincfarrepoi^^^ of methods, results, - ^ 
^: recommendations, including a Summary Report and a'detailed' 

. ^ . professional General Report • 

1»2»^3 Technical Agency • • - s 

, ^ ' The TetKr|ica'l. Agency consi sted' of 'personnel from B.C. Research, the techni- 
ca.1 operation of the indepenflent, non-pnofit^ritiSh^CoUrribia Resea rdv, CouAct]^ 
. located, on the campus of the University of British Columbia r^Sp^cTficT^onsi - 
biiities of the Technical Agency included; • , 

^ • developing seleotion /criteria for buildi/ig^ Vi nal 'achiev^m^t 

survey forms . , ' ' 

• printing, packaging? distributing, ^and^ collecting instruments 
for the pi lot phase ^ . 



scoring arfd analyz^ing pilot data 



•packaging, distributing and -col lecting all final survey forms 

« 

scoring, analyzing, and preparing reports of analyses of final 
data ' >. 
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• designing, preparing, printing, and distributing distrfct and 
independent sqjiools reports of assessment results] 

f conducting followrup analyses of a specific nature to identify 
areas of thf province or groups of students requiring assis- • 
ta nee * * * * • ' 

1.2.4 Advisory Commi ttee , ^ * - 

f« • ^ ' 

An Advisory Committee, convened by the Ministry of* Education, guided the 
Contract Team by gi ving ^advi ce on the science content under consideration, pro- 
viding advice for the ^development of all suryey materials, and assisting at \ 
Review Panel and Interpretation Panel meetings* The members of the Advisory' 
Committed were selected' from across the province cto reflect a cross-section of 
opinion on tfie areas of science being assessed. - • 

The Advisory Committee was composed oT: ' ^ 

practising teachers a<id a-dministrators ^ . ' 

* ** 

^ teach.er educators . ' . ^ . 

a School Board Trustee , ' 

< chairman of the Contract Team - , 

YepresentatiV^s'^.xJJ" the^ Technical Agenty 

representati ves'^of the Learning Assessment Branch 

Advisory Committee members in the, first three categories sat as informed 
individuals and not as representatives bf speciflt organizations., 

, ' . — . ^ * ' ' 

^ 1.2\5 TeQhnical Sub-Committee u • 

The TechTi'&aT ^Sub^Commi4J;ee conSist^dLof a. technical coordinator from the 
Learning Assessment Branch, the^'^cRai rman *of the Contract Team, 'a repres^tat4v.e 
of the Technical Agency, .and the. chairman of the Advisory Committee. The sub- 
cofnnjittee served as.a forum for detailed discussions on issues of^ a technical and 
statistical iiature) . , . , 

1.2.6 R eview- Panels - * ..^ » 

In late August, aQSl," a series of meetings was held in^^ various parts of 
British Columbia for the purpose of reviewing materials produced by the Contract 
Team.' Over 50 individuals participated in the various Review Panels (see 
Appendix A).. These panels, chaired by members of thfe Advisory Committee, were 
composed of practising teachers/administratqr-s as well as subject matter 
soecialists.^ • \ 



9 g - 

The main ta$k of 'the Review Panels was to judge, with the use of specially 
-designed 'rating scales, all of Ahe potential 'Expanded ' objecfi ves , achievement 
surVey items and |attitu.ae /opinion ^statements. The panel ratings proved valuable 
t(J the C9ntra^1f.[rea'm wt^o us>ed them to either 'omit, or revise and improve the 
quality of the various items prior to the;' pilot phase. 

• . ' - - ' «^ . - . 

• " 1.2.7 Provincial Interpretation' Panel s 

In early June, 1982, the Learning Assessment Branch convened provincial 
Interpretaticjm Panels to' evaluate provincial results for each leval of the 
. science program^assessed. 

Interpretation Panels (see Apqendix B) were composed of: 

practising teachers/administrator^ from^all levels of the educa- 
tion system - * • . , 



teacher educators ' . ^ - . 
members of interested and informed groups 
trustees, parents, and members of the public 



' ^ Panelists received, in advance pf >the1r first meeting, a copy of the-Table 

of Specification^ and a copy of the achievement survey items classified in terms 
of learning objectives. Prior to the fi rst sessi on , panelists ,were asked^to^ 
resppnd to the items and, for each, set percentage figures for "acceptable" and 
"desirable" "levels of performance for the province as a, whole, based on the per- 
centage of students they felt should be^ able to correctly answer each Jtem. 

At their first session, panelists were giy.en copies of the actual 1982 
results for each item in terms of the proportion of students who answered the 
item correctly (p-value). They were , then asked to Individually rate the perfor- > 
• mances by conparing the actual results with their previously jestimated acceptable 
and desjrable level^. Ratings were made on a five-point scale from "Weak" to 
y "Strong ".'^^"^These~- rat i n^s ^ were discussed in small groups and then in one large, 
group in an attempt to reach a consensus. Both consensus and minority views were 
recorded.- , ' * 

At a final session, groups --of panelists were asked to develop ratings (on 
the same five-point scale) for each of the objectives and domains assessed and to 
"contribute interpretive comments and recommendations in light of the" provi-Yicial ' 
performances. The ratings and conclusions of the various Interpretation Panels 
form important parts of future sections of this report. 



ERLC 



CHAPTER Z . • * 

SCIOCE PUPILS: ATTITUDES AND ACHIEVEMENT 

Teaching G oals and Assessment Domains and Objectives 

' The 1982 S-cience Assessment was based on- the goals of -the British Columbia 
science program as they were stated in the 1981 draft forms of the Elementary 
Science Curnculum Guide Grades 1-7 -figsn and the Junior Secondar y Sc ience! - 
Curriculum Draft Materials , . The four goals may be callidT 

. Goal A,, Attitude ' * • ' ; , 

Goal B, Processes and Skills . • " . 

Goal C, Knowledge • . - 

Goal D,, Thinking • ' ' ■ ^ • ^ 

lu k''°'" ^^^l^ affecVive scales and three cognitive domains were defined 

thereby ensurfng that the assessment results would reflect the British Columbia 
science -curricula. 

•''^9"r^^2 illustrates thie relationship between the curriculum goals and 
as55ssme.nt domains., A few sub-areas, shown in different typeface, we 4 not /v 
indluded in the goal statements" but were added Tor assessment ' purposes (for " 
.^example, it seemed more appropriate lo. evaluate knowledge of safety procedures 
<than to attempt to assess an attitude. toward safety). , ■ 

2.2 Science PupTT-s: 'Attitudes, Interests" and Opinions 

The Brftish Columbia science curriculum guides, at both, the elementary and 
secondary revels, encourage teachers to help pupils develop positi ve. science 
.attitudesj The guides suggest that opportunities should > provided to: 

• develop curiosity about, and interes't in trying to understand 
natural events ■ ' ' 

^ discuss, how scientific endeavour is important to. our society 

• foster an appreciation of the impact of technology on the world 

•• develop a more responsible attitude towards self and society 
• through the examination of social and environmental issues 



use^ scientific knowledge and skills to help clariVy. personal 
, values and beliefs 
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Figure 2. Curriculum goals and assessment domains. 
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• ^discuss some sci ence- related activities iwhich could be done 
during leisure time 



, deal with problems in an open-minded manner 



Using these general statements as guidelines', the Contract Team developed a 
number of affective .scales, clusters and items. TKe following are brief 
descriptions of the scales and item clusters along with examples of both positive 
and negative statements used in the final forms. Most of the scales contained 10 
aJd Societ (|2 f'''P^^°"^ ^^''^ School Science^ at Grade 4 (7 items) and Science 



School Science 



■Science Careers 



Scientists 



Statements were designed to assess pupils' generalized 
attitude to\!?ard science as a school subject. Care was 
taken to elinfinate references to important, but perhaps'too^ 
specific, types of activities that may have confounded the 
interpretation of the scale. JnerefJore, activities such as 
enjoying science laboratory work, going on science field 
trips, or takiag pride in doing careful 'work in science 
w^re not con^i dered' appropri ate references in a.SQ^le des- 
igned- to measure-, science as '.an interesting and valuable 
school subject. 

Examples: . ^ " ' - ' 

I like to study science in school. 
I -do, not enjoy science. ' ^ - .. • 

An attempt was made to develop a questionnaire that would 
measure , willingness to enter a career in the field of 
science. 

Examples: 

A career in science would be very satisfying. 
Scientific work does not interest me. ■ • 

Scientists, of course, differ as much in, .their abilities 
and personal characteristics as do members of any other 
professional group. Therefore, as a concept, "Scientists" 
cannot be considered unique and one would^expect to encoun- 
ter great difficulty in developing a uni (Nmensional scale. 
However, allowing for this limitation. it\ was decided to 
repeat some of the statements from the 1978 B.C. Science 
Assessment and develop a scale related to- generalized 
affective reactions to scientists.^ 

Examples: \ 

Scientists have been very helpful to mankind. *^ 

Scientists are usually odd .compared with most , people I 
know. 
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Science and Society 



Methods of Science 



interest in 
Science Topics 



This scale was' developed to measure a broad area that in- 
cludes the' interrelalionships and interdependencies of 
science, technology^and society* 

Examples:* 

Scientific progress agd the progress of man go together. 
Science is not important in everyday life. 

Literature in science educat^^on shows »that the attitudinal 
target entitled "Methods 'of Science" i^s extremely complex. 
Therefore, this scale was developed to assess* a variety' of 
cognitive and affecti ve | components related to scientific 
knowledge, the procesrses of scientific inquiry 'and the 
nature of scientific inquiry. 



Examples : .a. 

Sci ence, is'' getting closer, and closer to the truth. 
When tradftional beliefs are' *in conflict»with scientific 
discoveries, it'is 'better to accept -tradi tional beliefs. 

Three 'topics were chosen in the areas of physical science, 
biological science, earth/space Science and technology for 
pypils in grades 4 arjd 8, to respond to in terms of how 
interested they were in .learning ^bout tKe 'topic. Differ- 
ent topics based, or) - the content of the elementary and 
junior se.condary science curriculum guides were used at, the 
two grade levels. ' / * . • 



Examples : 
"Grade 4 • 

Grade 8 



How animals live 
The^ moon and stars 
Chemicals in foods 
How" computers work 



(B^i^ological ) 
(Earth /Space V 
(Physical ) 
(Technology) 



Specific Issues 



This ii^tem 'cl uster dealt with opinions about 'areas such as' 
conservation, pollution, animal experi'mentatioa, creation 
of. life and the use of herbi cides/insectici^les . Ten equiv- 
alent statements .were used at both grade 8 and grade 10/12. 

Examples: ' ^ ' . ' « ^ 

^ * Factories should be required to reduce smoke pollution 

I even if, -prices go up^ - * , 

^ Scientists should conduct e^perinients on animals Jf they 

j^think people will be helped. ' 

Affective results were calculated in the following manner: For each scale, 
a pufDiVs raw score was .determined by summing the weighted scores of all. the 
items.'' Responses were weighted 1 if a pupil chose' "Strongly Disagree" to 5 if 
the choice was "Strongly Agree" for a positively worded statement. Negative 
statements were weighted in the opposite direction. The sum of the weighted 
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responses was then divided- by the number of items; Thus, individual mea 
ranged from 1 to 5 A frequency distribution was made of the mean sco 
they were then divided inta the five categories on the basis of the f 
^qual interval classification scheme: 



Classification 
S-trongly Negative 
Negative 
Neutral 
Positive 

Strongly Positive 



• Mean Score Range 
1.00 - 1.80 
1.81 - 2.60 
2.61 - 3.40 
3.41 - '4.20 
4.21 - 5.Q0 



n.rtJ L'^ ^TJ' of'taining scores within these interval s' are re- 

ported as percentages i| Table 2.1. ' The, table shows -that r on all scales the 
proportion of pupils re^onding positively was greater than the p opo" on res- 
ponding negatively, and Te may thus conclude that pupils at all grK leVe>s have 
positive a^titu<es toward most of the attitudinal objects. However here is an 
exception, in. that pupils in Grade 8, lO and ie definitely do not demonstr te 
high interest in pursuing a career in science. In fact , mean scores here were 
the lowest obtained on the attitude scales. These results are unfortunate in 

z:r:Vor:i::o:''' --"^^•^-^^^^-^^i-terpe"^^^^ 

aVfec^^'.tTh"Junnfr ^^^.^chool Science scaje show a slight increase in negative 

neu? al LfpLrJ^ A^ .f ''^""^ proportions within the 

neutral Category. At these age levels, pupils are beginning to clarify their 
.v6cational goals and to opt Tor major study in areas other than science. 

A Potpourri' of Attitudes, Interests and Opinions ' ; ^ 

Grade 4 ♦ ■ * 

About 80% of the pupils feel that the study of science' in school is- impor- 

Boys like Physical Science and Technology topics ' ' * • 

Girls l>k£_BiQTogy topics- 

Grade 8 ■ ' "--^ 




^ Sixty-seven percent of the boys and 59% of the. girls like\o study science 

Si-xty percent of the girls and '47X of the boysVree that, or are undecided 
^ifei° °^ planets determine one's success or failure in 

Only 19% of the pupils would be willing to enter a scientific career ' . 

\ Sixty%)ercent "of the pupi 1 s. (males = 71%, females = 48%) are very interested' 
in learning how to work computers , "^-erebcea 
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Table 2.1: Summary af Affective Scale Results by G-Rade (Percentages) 



Affective 
Scale ' 


Grade 




C 1 a s 


s i f i c 


a t i 0 n 


^ 


Strongly 
Negative 


^Negative 


. Neutral 


Positive 


Strongly 
Positive 


School Science 

■ ( 

♦ * 


4 
8 
10 
12 


—i — 

2.2 V 
1.7 

2.0 - 
2.3 


9.4 
9.1 

10.8. 
12.8 . 


•• 17.0 
26.0 
28.5 
30.8 


f 

42.5 
49.0 
45.5 
,42.5 


28.7 
14.2 • 
13.2 
11.5 


■^Scientists 


• 8 
10 
IZ. 


0.2 
' 0.3, 
0.1 ' 


1.8 
2.2 

- - -2.1 


24.2 
28.2 
30.5 


65.1 
63.0 
, ,61.6- 


8.6 
6.1 
5.5 . 


Science an^ 
Sotiety 


8 
10 

■ 12 


6.3 
0.1 
0.2 


4.0 
3.0 
2.2 


,•28.2 
23.1 
22.2 


57.7 
63.2 
62.5 

' * 


9.6 
10.3 
12.7 


Careers in 
Science 


8 
10 
12 


■3.6 
6.3 
5.1 


19.9 
22.8 
22.6 


36.2 
i 34.^ 
35.6 


- 32.4 
. 28.5 - 
27.7 ' 


. 7.7 
.7.6 

8.-8 . 


Methods of 
Science 


10 
12 


o.q, 

-0.0 


1.0 

0.9, 


• 27.8 
31.0 


67.0 
64.3 


4.1 - 
3,6 



Grades 10 and 12 ^ . 

• Boys to a greater extent thgn girls plaim to use scientific ideas or facts 

' ' " in thiBir everyday lives 

" ' ' . 

• ' Only 18% of the pupils in' Grade 10 and 21% in^Grade 12 would be satisfied to f 
, spend their lives as scientists 

» 

• BoyS have considerably 'more faith )n liifchno logy -than do girls 

« Pupils are overwhelmf n^^ fri TTvour 'W^o'hserving ' eT^ergy^;^ bijt afe-'-noL ia.^ 
^ fayour having highway speed limits reduced 

• ' Pupils- are equally pro, con, and undecided on supporting research related to 

genetic engineering ^ ' , ^ 



2.3 Science Pupils: Achievement 



I Three assessment ■ forms, ^Y. and Z), each contai n1 ng'' di fferent achievement 
Ntems, were administered at Grades 4 and 8, and two forms (X and Y) wer^ Ss- 

Z i 'V^''"". °^ 30 pupils wrote the- various asses ment 

forms. The actual numbers of pupils involved are shown in Table 2.2. '''^'""^"^ 

Tatjle 2.2: Pupil Participation in the Assessment 



Porm Total 



4 9 330 9 310 9 304 

- 8 .„ 9 JIJ 9 917 9 86^ 

10 ' 986 " — r004 - — " 

1^ • " • 047 - - 



■27 944 
•- 29 699 ^ 
1 990 
22 110 



1^°''' '^^^ .totil -number of -items associ^ated with the various 
■domains and objectives vyithin each of the three main grade- levels. •. ' 

Tf>nee- Inter-^retation Panels, one for each of grades 4, 8, and 12, iudqed the 

uTnl'X f^u"'"'''^' '''' --^ted-the item, l,bjective,' and domai'n 'results 
using the following five-point scale: 

St rong — sT 

Very Satisfactory -- VS ' 

Satisfactory' ' -I " s 

Marginal -- M 

Weak W ' 

The panels consisted -of informed individuals who based, their judgements upon 

.the expected difficulty of .the items, item iffifj^ortance, and the pupils' actual. 
ttoJ°Panels'. °f the Interpreta- 

2.3.1 Domain l--$cience Processes I 

One of the goals of science education is to'develop pupils' abilities to use 
the processes of science, that is, pupils should develop scientific intellectual 
skills. The curriculum guides list twelve such processes but only the /six deemed 
most important and easily measurable were used in the 19^2 Assessment. Table 2 4' 
summarizes the pupils' perform'ance and the Interpretation Panels' ratings for 
Domain 1- Science Processes at the three grade levels assessed 
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In the Contract Team's opinion, the derail performance of pup'lls in this 
domain was disappointing although performance y/as actually considered stronger by 
the Interpretation Panel than performance in the other domains. 

V* 

The E^lementar^ Science CurricuTtim Guide divides scienti.fic processes into 
basic and integrated processes. At |he primary leVel , only the basic processes 
are emphasized. . . > , * 

Table 2.3: Number of Items Used Within the Domains and Objecftives 

' " at Each*' Grade Level " - " 



DOMAIN/OBJECTIVE , ' 


Grade -4 


Grade 8 


Grade 12 


.DOMAIN 1--Science Processes 


60 


36 




# 

Objective: ' ^ 


• 






Observe' and Inl^er ' 


18 


« 




Classify y ' . • 


18 


9 




Communicate 


' .1.8 


9 




Quantify , ' 


'•^6 . 






Interpret Data 5 




9 


10 ' 


Identify and Contro] 






. -12 •' 


' .Variables 






DOMAIN 2--Knowl edge— recall and 


33 




■30 


understand 








Objective: 






\ 


Biological, Physical and 








Earth/Space- Concepts 


18 


33 


4 Applications of Science (Technol- 








ogy) and the. Nature of Science 


6 


. 12 


6 


Safety Procedure? v... 


9 


12^ 





DOMAIN 3--Higher Level Thinking 


15 


27 ^ 


.18 


Object i ve: 








Apply Biological, Physical and 




15 




Earth/Space Concepts 


9 




Use Rational and ^ ♦ 








Critical Thinking 


6 


12 . ■ 




Evaluate Evidence for 








.Conclusions 




I 


6 . 


Solve V\bstract Problems 






<% 12 


Total^ Number of Items 


. 108 




70 



Table 2.4: Domain 1--Science Processes: Results 



Grade/Objective 


^Number of. Items 
Rated by Panel in Each' 
"^Cateaorv 


Mean Percenty' 
\ Correct v^- 


Overal 1 ' 
Rati ng 




W M S VS ST .foUT 


Ubj/ Domai n 


6dj. Domain 



• Observe a/id Ijifer 2 2.2'. "8 4 18 74 5 

. Classify 1 5 6 5,1 18 .65!3 

Communicate 3 8 3 3 1 18- 55.9 



VS 

. ' s 

Quantify 0 4^2 0 0 's . ' ' ■ 60.1 /• ' m 

64.8 



Grade 8 • | . 

Classify. 1 1 2 3 2 ' S 66.6 

Communicate • . 0 2 2 3 2 9 66.3 

Interpret Data 114 2 1 9 55.9 

Identify and Control = . 

Variables ' 2 4 2 1 0 9 45.2 



VS 
VS 

S ' 

w 

58.5 No Rating 



Grade 12" * ° = • \ ^^^^n 

Interpret Data 15 2 2 0 10 53.0 M 

Identify and Control 

Variables 1 4 6 0 1 12 56.8 ~ ' , S 

' 55.1 



^ 1^^"^^ Interpretation Panel concluded that students were leacninq 

^L.lfvwi k''1^ processes to a satisfactory level, although - there was co cern 
about the objectives of communication and quantification. 

At Grade 8,.the Interpretation Panel rated the two basic processes as "Very 
Satisfactory", but felt that, although performance on the integrated process! 

H%'P'f ^T '-"^^ "Satisfactory", pupils showed "Weak" performance on Identif^ 
and to nt ro I Van abl es . ' ^ 

The latter two integrated processes ■ were assessed at Grade i2. The 
Interpretation Panel rated performance for interpreting data as "Marginal" and 
for;identifying and controlling variables as. "Satisfactory". The «rade 12 oanel 
was disappointed with pupils' overall performance in the process domain. 

Observe and Infer ' j ' 

pbseryatlpn is the basic skill of science and pupils rnjst develop some, 
f-acilitji as- observers if they are to develop tfie other processes. The Assessment ' 
format severely restricted the range of observation skills which could be 

^ "'^.K^'il^^'"" ■^''^^^ ^ ^'^st. Ulustrabed below, escaped 

ttie limitation that observations be niade'on drawltigs rather thsn on real objects. 



It was still possible, at the Grade 4 level, to ask questions about similarities, 
differences, symmetry, relative shapes and sizes, /col lection of observations, and 
which observ^^tions are actually relevant. Grade 4 pupils did well on this 
\objective. ' ^ 



Grade 4--Z20 ^ 

Look at your Teft hand. 



Which diagram below is most like your hand? 




A 



A. 
I. 



I don't know 



>. ^' ^' \- ^ 





90* 



* correct response 



' Classi fy 

^ Questions on classifi edition skills were asked at both Grade 4 and Grade 8. 
A few of the same questions were used at ^ach grade. Some of the Grade 8 ques- 
•tions proved considerably more advanced skills than those at Grade 4, It was not > 
possible to give pupils specimens^ to c*lassify or to have them construct their own ' 
classification systems. Drawings, diagrams, pr memories of* familiar objects had 
<to be used. It was possible, to measure a range of skills such as matching by 
attributes, deleting^ the least similar from a set , . placi ng" new objects in the 
best^ sk;, using classification charts, recognizing the basis for sorting, using 
' dichotomous keys, .ancl Vecogni zing and applying" a class rule. Often, this last 
sKill was measured by cbnstruct.i ng imaginary creatgres, but question X29 expected 
pupi'ls to recognize, .from pictures copied from a well-known British Columbia 
flower book, that the sepals and petals of lilies total six. Grade 8 pupils 
. found this itemj more difficult than rriost of the items for this objective. 
Overall, Grade 8 pupils achieved very well on classification skills. 




Communicate • • - ♦ 

Pupils receive and construct communications in science in many ways •• the 
aShs '^^Srams. maps, symbols'. charts!"taMes a d 

graphs.. Only the understanding of a communication could be -measured in the 
Grirru\ Q"«tions were asked to assess this objective at both Grade 4 aSd 
Grade 8 but .there was only one item which was used at both levels. The Grade 4 

? u?a'; fel?\ 'T''''' '''''' students •.performanc and ^n p r- 

ticular. felt that graph-using skills were, under-developed. The Graded Inter- 
pretation Panel felt communication skills were ^^11-developed The co^^^^^ 

abii v"'?:''^ ^'^"^ substantial gcowth between G^rade 4 and STade 8 n- 

ability to qnderst^d a written description. • . ' * 



Grade 4— Z31 «*Grade 8— Z22 

A-girl enters- a room. There is a bed .along' the wall to her LEFT, a window 
wmcn of the rooms did she enter? 







Bed/ 




Door 
















Table 





•I 

. Door 



Table 



CO 



Windov, 
B 



r 

Door 



T«bU 



I Bed ; 



Door 
. Vinldow T 



'^-^ C 



■Window 
D 



' ; . Grade 4 Grade 8 

t ' ^ ' ■ " — "~ 

! . . : , 57* 87* 

c - • • , zr ZT.^ 

^ • ^ TT^ ^T*" 

I don't, know * — 7- — r- 

• / • • ^ - • _L _L 

* correct response ' ^ 



, Quarttify • ' ^ ' 

While quantification as a science process includes counting and estimating', 
5?thn'"T'.l, ^" °^ ^'"PO'-tant quantification ski.lls involve metric measurement 
A though this is an exceedingly important skill in science, it was decided not to 

Trad i ''^hif H ''''J'J'r ^^^^^^'"^'^t. but to'use only six uest ons 

at trade 4. This decision was^rtiade because this process was stressed in the 1981 



« 



Mathematics- Assessment where pupil performance received "Marginal" ratings at 
both Grade 4 and' Grade 8, The Soience Assessment Interpretation Panel 's "Margin- 
al" rating. of quantifying at Grade 4 was consistent with the Mathematics Assess- 
ment findings. "Together, the As«ssme'nts identify an .important af^ea which mast 
be of corrsern to teachers" ^ ^ ^ ' . • 

Interpret Data 

In science classes, it is usual to requi re" student\ to interpret d^ta by. 
generatin-^g conclusions from data which they have previously collected. In con-^ 
trast, the AssessmlhtVdata had'^to be presented in concise fdrms. Students then 
selected from alternative interpretations. Questions were also asked about some 
general problems concerning^ the use of data, for example, the heed to replicate 
data in experiments. ' This objective was measured at, both the Grade 8 and Grade^ 
12 levels; all data used at the Grade 12^ >evel were quantitative. There was 
significant growth /from the Grade 8 to the Grade 12 l^vel^ on the two common 
items, one of which is shown beloW^. , V 



Grade 8-/^08 Grade 12-Yir 

The treeline. is the highest altitude at which trees can grow. The 
following table relates treeline to' distanQjg from the equator. 



Distance from. 
Equator 


Tre'el ine 


1000 km 


4000 m 


2500 km 


3500 m . 


5000 km 


3000 m 


6^00 -km 


1500 m 



According to the^ table .above, the farther* y.ou are from the equator 

' Grade 8 '^^Grade 12 



the higher the treeline. 
the lower the treeline, 
the taller the trees. . 
the'^ smaller the trees. < 

I don't know ^< 

* correct response 



^ - / 



} 



12. 



63* 



11 



79* 



V 



r I 
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Identify and Control Variables 



Central to experimentation is the identification of suitable variables whose- 

Tr ?hat' lt'"'%^^ n'Pf^"'^' '''' can^ be. observed (dependent or s o 
cri!J-Mf,v ^,\.^°"trolled. Since experimentation is one n^thod which is ^niqiely 
scientific, this process is considered to be of great importance in science 
eaching. Upper grade elementary school pupil.1 should have encoSered 
^n^ations requiring them to think about the variables involved in an exSent 
Xhe frequent use of the "I don't know" respbnse by Grade 8 pupils indiSs an 
u\expected and disturbing degree of unfamiliarity withrthis proceL Wh e the 
inSi P--^^^^ "satisfactory- at the^Grafe 12 lev t 

indicated that it actually had higher expectations for student performance A 

cZ/^l'V''\ "^''^V^'.-l'.' 'V' -^^^^ which was usTd at* the 

tlri fl ^'''J' d;ff culty was nearly average for the objective, yet it is 

.Zl If It' '^°\^eP''o\^'"3tely one-fourth of the students, chose opti on B whei the 

^Snf-h f.-"""^'"" '^^r^^ ^^'^ 0^ ^loth were used. 'Th^con' 

cept.of holding^a variable constant seems poorly understood by many students 



Grade 12— X16 

'J 

'~lIJ\'!ln\'[lHc^V'!T.'"'f ^u. '^'^^ '^"'^'"^ W^"t to find out which 

Of two kinds of cloth absorbs water better? 

The length of time the cloths are' in water 58* 

The kind^fff cloth 22 

The colour of the cloth . • j 

The height that the wafer rises in each cloth- ... u 

I don*t know 4 

* correct response ' ' 

^r- ■ ^ , iM- ^_ 



Domain 2r-Knowl edge— recall and understand ' ' ' - 

- Elementary Science Curriculum Guide Gr ades 1-7 (1981) Goal C 
states the. fol lowing: ' ' 

; The Elementary 'School Science Program should develop in- students' 
scientific knowledge. ' ' 

The 'student should demonstrate, and apply know-ledge of the following: 



© facts, generalizations, concepts, principles, and laws; 

scientific vocabulary; ^ 
^ relationship's between various scientific disciplines; 

the history, phi losophy,\ and nature of fscience; 
o the application and- limitations of science in the practical 

worldl (page 9) 

While the proposed junior science program amplifies some qf these areas of 
knowledge, it follows the same outline/ The knowledge jlomain, as developed for 
the assessment, added a ' Component on knowledge of safety procedures and it 
assessed the ability to apply facts, generalizations, concepts^ principles and 
' laws in the higher thinking domain (see Figure 2). 

Table 2.5 summarizes pupil performance and the Interpretation Panels' 
ratings in the knowledge dotiiain. 



Table 2.5: Domain 2— Knowledqe--recall and understand : Results and Panel Ratings 



Grade/Objective 



Number of Items 
R.ated by Panel in Each 

Category 

W M S' VS ST Total Obj. Domain Otjj. -Domain 



Mean Percent 
Correct 



Overal 1 
Rati ng 



Grade 4 

Biological, Physical artd 

Earth/Space Concepts 1 
Applications of Science' 
(Technology) and the 
Nature of Science 0 
Safety Procedures 3 

Grade 8 

Biological, Physical and 
' Earth/Space Concepts 6 
.^Applications of Science 
(Technology) and the 
Nature of Science 1 
Safety Procedures 2 



Grade 12 

' Biological, Physical and 
•. Earth/Spa-c^ Concepts 
Applications of Science' 
(Technology) and the 
Nature of Science 0 
Safety Procedures 2 



9 6 2 '0 18 



8 13 



8 

S' 



3 
5 



2 
4 



3 
2 



0 
0 



.0 
0 



6' 
9 



0 33 



12 
12 



.6 9,. 1 0. 16 



6 
8 



54.8 



66 .-8 
68.8 



53.1 



49.8 
65.6 



52.4 



59.6 
55.6 



60.8 



\ 



55.1 



54.6 



S 
M 



M 
W 



S 
M 



No Rating 
Given 



to - 
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Two of the three Interpretation Panels independently judged pupil* perfor- 
mance in this domain as "Marginal". It is noted that two of the three "Satis'fac- 
tory" ratings, given were for objectives which h,ad very few items. 

Biological, Physical and Earth/Space Concepts 

■ In this objective,* an attempt was made^tb"" evaluate pupils' knowledge of 
basic vocabulary, facts, genera fi zati ons , concepts, principles and laws. Ques- 
tions were at the level of recall or .comprehension . At all three grade leVels, 
many of the questions asked were change items (repeated from the 1978 Assess- 
ment). Since there is scope for different curriculum choices in the elementary 
grades, any new question used at the Grade 4 or 8 level had to relate to a topic 
in at least two of the three major programs. The following question is typical 
of a knowledge item used at both Grade 4 and Grade 8.< 





ifrade 4— Y14 Grade 8— 


X37 ' ^ 








^Seeds comfe from which one 


of the following parts of 


a* plant? 

Grade 4 


-1 

Grade 8 










' 4 










70*. 




Leaf . ; \ 






7 










8 


> 








"6 










. 5 


1 


* correct response 
** At Grade A ,the option 


"Bark" was not included. ' 


u 





. - The Grade 4 item has one less: distractor than the Grade 8 item sinice there 
-vTas a need to keep, the reading level appropriate at Grade 4. Note too the 
-improvement in. the number of pupils selecting the correct option, f'rotn 50% at 
Grade 4 to 70% at Grade 8. Even so, considering pupils' contacts with plants 
both inside and outside of school, it is surprising that more than one-fourth of 
the Grade 8, pupils were unable to choose the correct answer. This' question was 
also asked at both grade levels in the 19/8 Assessment with very similar results. 

T.he following item was used at both Grade 8 and Gradp ^2. It also Wjas re- 
peated from the 1978 Assessment. ^ 
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Grade 8-X31 Grade 12— Y18 
- Green "Plants are important to animals because the plants 

- • 'Grade 8 Grade 12 



<?bnsuiTie both food and oxygen . . 16 7_ 

0 * 

consume food and give off oxygen ^ 15 5_ 

consume food and give off carbon dioxide. . . .'^ 8_ 4_ 

produce food and give off oxygen . 43* 64* 

prod^uce food and give off carbon dioxide 11 5_ 

I don't know/ 6_ 5_ 

*-?correct response - • ' 



t Again, there is significant growth from Grade 8 to 12. The, 1978 results 
were very similar: 1% higher in Grade 12, 2% lower in Grade 8* It is disappoint- 
ing,.^ however, that more than one-third of the ^pupils about , to graduate.. from 
secondary school faile^d to understand the photolynthetic relationship which is 
the' energy basis for almost all life on ea^rth. The question aTso illustrates the 
typical malejfemale differences on knowledge items, although t^e sex-related 
difference here is larger than normal. At Grade 12 on this item, the mean per- 
cent correct for boys w^s 71 and -for girls 57. At Grade 8, the mean percent 
corrett for the boys was 49 and girls 38. . 

It was only at Grade 8 that the Interpretation Panel judged the performance, 
of pupils to be "Satisfactory" in knowledge of science concepts. At Grade 4, 
although assessment of^processes was .stressed, the low scores are possibly the 
result of primary teachers often giving insufficient time to teaching science. 
The Grade 12 Panel strongly stressed that students Showed an "inadequacy of know- 
ledge". At both Grade 8 and 12, achievement in earth/space sciences was below 
that in the other science content areas. 

Applications of Science (Technology) and the Nature of Science 

Science and spciety interact in many ways. For instance, science has 
affected society enormously by creating many technological changes. The pupils' 
knowledge of these applications was assessed in the knowledge domain of the 1982 
Assessment. Another way in which science has affected society is by providing a 
set of modes and criteria for thinking. ^ In the 1978 Assessment, this sub- 
objective was called Scientific Literacy . Knowledge of thinking modes was com- 
bined with knowledge of applications to produce a 1982 Assessment objective. 
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Note that only a small number of items was used to assess this objective at 
Grades^4 and 12, and the knowledge displayed by students was' judged to be "Satis- 
factory". At Grade 8, where a substantial number of items were used, the results 
were;.judged to b^ "Marginal"... The Interpretation Panels at both Grades 8 and 12 
felt.,that the applicaijons of , science were insufficiently stressed in most teach- 
ing. 



Question Y35, reproduced below, is one item used to test knowledge of appli- 
cations at Grade 8. It illustrates an interesting point about the applidation of 
science in medicine in that a successful technique may soon make obscure the 
disease against which it operates. Some Interpretation Panel members felt that, 
in th-is case, pupils may not have " known about polio. Jhis explanation may par- 
tially account for the choice of the second option, by many pupil^. 



Grade 8-Y35 ' , . 

Today, almost no one gets polio because 

bad water,, which used to cause polio, has been cleaned -up. 

doctors hav€L found new drugs which cure polio 



18 



people eat better food and get more exercise to stay healthy. - 8 
people are given a vaccine which keeps them from getting polio. 63* 
I don't know .' g 



* correct response 



Grade ^8 Item X30 was designed' to measure knowledge of the nature of science. 
The pupils' responses suggest ^that most have not yet learned clear distinctions 
between different kinds of scientific statements. Another item. Grade 8 Item 
X12, asked pupils to differentiate between a theoretical and observational state- 
ment and produced only a 52% correct response at Grade 8. Even at Grade 12, one- 
third of the students were unable to make this distinction on a similar question. 

Safety Procedures 

Questions on the knowledge of safety procedures were of two types. Most of 
the items asked pupijs to choose the safe procedure from a set of-ri^tions. A few 
items asked what the hazard was in a particular situation. The Interpretation 
Panels at all three grade levels had'very high expectations for pupils' knowledge 
about safety, and the relatively high mean percents correct at Grades 4 and 8 
were still not considered adequate. All three panels judged the results on this 
objective to be "Marginal" or "Weak". -Recommendations regarding steps to improve 
safety and pupils' knowledge of safe procedures are prominent in the l^st chapter 
of this report. * 
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A typical safety item, used at bo.th Grade 8 and 12, follows. 



Grade 8-234 Grade 12--Y16 
Look at the 'diagrams below. 






A ^ ' B C D ^ 

Wl^ich is the correct method of heating a liquid in a^est tu^be? 

Grade 8 Grade 12 



A ' 3^ 

B ■. . . ; teJE. 

C 10, 

0 - i-g- 

1 don't know 2 



* correct response . 



67* 
TT 
4 

13 



It -is ^couragTng to note that the percentage of correct responses to this 
queSj$AOfi ni'ore*'than doubles from Grade 8 to 12... It is discouraging that one-third 
^.,,„5^|^th^- Grade 12 p-upiis chose ftrcorrect options although all of them must have 
. ' heated t^st tufies ofliquid in junior .secondary sch-ools. An obvious conclusion 
',is that teachers in all .grades need to' focuSj more attention on teaching* safety in 
science. 

2.3.3. Domain 3"-Hi.gher Level ^Thinking 

At the Grade 4 and 8- leyels, this domain consisted of two objectives: the 
application of SQjentific knowledge to new situations and the use of critical, 
rational, and formal thinking. As far as possible, these objectives adhered to 
the definitions in the curriculum guides. At the Grade 12 level, the two objec- 
tives used were 'given descriptive terms. Table 2.6 summarizes the pu'^s' per- 
formance and the Panel ratings for the Higher Level Thinking domain. 
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Table 2.6: Domain 3-^^Higher Le vel Thinking: Results and Panel . Ratings 
Grade/Objecti ve 

ir~M 



Number of Items 
Rated by Panel in Each 
Category 



Mean Percent 
Correct 



Qverail 
Rati ncj 



^Grade 4 

Apply Biological, Physi- 










• 


























* 


cai and Earth/Space 
























, 0 


0 


0 




9 


57.5 






USP Ratinn;*! ;inH 












S 


Critical Thinkin^n 


u 


u 


< 


0 


0 


6 


71.7 


63.2 


VS 

s 


Grade 8 




















Apply Biological , Physi- 


















' f 


cal 'and Earth/Space' 




















Concepts 


1 


5 


5 


4 


0 


15 


49.7 






Use Rational and 












s 


Critical Thinking 


3 


3 


4 


2 


0 


12 

• 


45.9 


48 ,,0 


'm 


Grade 12 




















Evaluate Evidence 








• 












- for Conclusions 


1 


2 


2 


d 


1 


6 


58.3' 
44.7 




M 
M 


Solve Abstract Problems 


2 


4 


6 


0 


0 


12 

1 


49.2 



Because of their age and experience, Grade 4 Duoils werp PvnprfoH 

> ^ 

- At the' Grade 8 level^ pupils were judged able to apply knowledge at a "Sat " 
Jna Th^J p'? but were judged "Marginal" on Use Rationa^l and Critir^ l th? I 
^cess'^a^nd^rrtlic^^rrL^g '''' in-s^FTTEF^TTrt^^^ 

.■in.i"°'"?'^ performance of Grade 12 students was deemed to be "Mar- 

h^•nI>o'"^™^•^ concern, was expressed becuase of the importance of thinkirrq at 
higher^evels in out-of-school situations. Teacher-made tesk were cr tici zed 
Jh?nki"ng!'^*'''''^°" '''''' failure to SquiVrhigher level 

Apply Biolo gical, Physical and Earth/Space Concepts ' 

ability to recognize appropriate principles or concepts 
to use the., in new situations. To correctly answer a question at fhe 
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^application level, -a pupil must possess the requisite knowledge and then use it 
Correctly. However, the problem situations used in an Assessment question may 
[ot have been new to some pupils and some pupils may, therefore,, have been able 
lo answer ,on the basis of knowledge alohe. The Grade 8 questi^ (Y37) illus- 
tfates these points. In order to answer this question at the application level, 
plpils needed to know the forms of energy and to have some basic ideas of how a 
cat engine works. It is possible, but not Jikely, that pupils had encountered 
this situation previously, and therefore recalled.the correct ans.wer. 



|rade 8--Y37 

vfhich of the following is described iby this sequence of energy changes? 

\ J ^ 



Chemical -Energy 



->'Heat energy. 



-> Mechanical energy 
(with was-ted heat) 



.rA flash'light is turned on. 




'Gasoline is burned to power a car 

Electric current is used to run a refrigerator. • • • • • • 



" lidon't^know ' 



* correct response 

{ 



Use.Ratibnal and Critical Thinking 

To thi nk*. rational ly is to seek naturaJ causes for events. To think criti- 
cally is to evaluate statements" for bias^ or assumptions, for logical coherence, 

"and for congruence with adequate data bases or with other statements. It also 
includes drawirig the best conclusions possible from inadequate data. Even at the 

..Grade 4 level, -it was possible to Construct valid questions to sample this objec- 

" tive. Question Y17 asked Grade 4 pupils to identify the point of view (bia-s) of 
the person who wrote the given selection. It al son>1 1 ustrates a problem in 

•assessing this objective: the need to provide pupils with adequate information on 
which to base their thinking: 
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Read the foltowing and then answer questions 16 and 17. 

Trash causes problems. It pollutes ai l^rwaterrand'soi ir'lras'h'^an"' 
harm people by making them sick. Sometimes, rats live i^ trash. 

* 

Cleaning up litter costs a Jot of money. Cities and provinces have to 
hire peop e to pick up trash after games^and picnics. If people make 

aSouHf i:/;r '''' ^''^ ''^^ - p-p" 

Grade 4--Y17 ' " " 

'The person wh^wro^e this probably wants ; . • 

bigger garbage dumps made ^ 7 

more people hired to pick 'up garbage 

people to make Jess garbage 

someone to kill rats 

• *o * • • • • 

I don't know. 

* correct response 



20 
66* 



Solve Abstract Problems 



This objective, used at the Grade 12 level, consisted entirplv nf n„oct^ 
repeated from the 1978-Assessment. One sucK exa;nple is Questfon YIO. ^ 



ons 



Grade 12— YIO' 

A man whose blood type is OA marries a woman whose blood type is OB. 
Their offspring could not have which of the following blood types? • 

AA . . . . [ ^ ^ 

AB 

OA ; 



SO'" 



10 



OB 

00 , 

I don't know , 
* correct response 

i 



15' 
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2.3.4 Achievement By Grades N^. ' 

Table 2.7 summarizes, the Interpretation Panel ratings referred td»in earlier 



Ta^le 2.7: Summary of Interpretation Panel Ratings of Pupil 

by Grade and Objective ^ 


Achievement 


DOMAIN/OBJECTIVE 


Grade 4 


Grade 8 


Grade 12 


DOMAIN l-:-Science Processes 


;S ' 


No Rating* 


M. 


Objecti ve: 
Observe and Infer 
Classify 
Communicate^ -r 
Quantify 

Intefpret Data_ ^ 
Identify anHtontrof • • 
Variables 


VS 

s 

M 


■ ' VS 

VS , 

S 

W 


M 
11 

s 


DOMAIN 2--Knowledge— recall and 
undersj:and 


M 


No Rating* 


• 

M 


^Objective: 

Biological , Physical and 

Eafth/^ace Concepts M. 
.Applications of Science (Technology) 

and the Nature of Science S 
Safety Procedures M' 


. S 
M 

w 


M - 

S ' ' 
' ' M 


DOMAIN 3— Higher Level Thinking 


S 




M 


Objective: 
Apply Biological, Physical and 

Earth/Space Concepts 
Use Rational and 

Critical Thinking ' 
Evaluate Evidence for 

Conclusions 
Solve Abstract Problems 


s 

vs 


s 

M 


M 
M 



this Ijomain was too great fof"^a single rating to be meaningful. . 
Grade Four 

The Grade 4 Assessment forms stressed four science processes. Pupils 
achieved well on questions relating to observation and classification but only 
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marginally on questions relating to co™,unication inscience and to quantifica- 

The overall picture from the Grade 4 results i<; fh^it n,m-iic ... i 
certain basic science ryracp^^p^ i^oii Vl.I i. I ; ^ pupils are learning 
emphasized, and Jhat hi-qher level thi nHn! ^"Z^'^^' ? ""^^ ""der- 

will be shown in Chapter 3 Jhe amou t of t adequatedly developed. -As 

^grades seems to be dequa^e for doing the^i^^^^ to science in the primary 

Aj^lng as much time as recLended VZ^ini s^t^ry To^scTencr?^^^ 

» Grade 8 ^ . < . ^ " :^ - ' ^ 
* ^ , \ ^ ' 

varla^?! thl''?h'osf irthroiheT'o^Ls'"'' '^..^'^f ^""^ ^ were »K,re 
neaningful domain Vat'i^ngflnto'oeX^tVr-qrit" ^"^ 

Of ciS;ij^tN::^rc:L„T:;?ri??;!re"^^{re's^iq';^'^°-^"^' 

further developed in the Intermediate years Z M ^ the pnirary grades and 
?^:^t-?ia^r'andTntjon? JaS'^" --re^iVrtrr 

natu/re of science was only "Marginal". ^ sci.ence and of the 



Grade 12 



Grade''l'2 l"ell71s' 'i^Trqinal ^ t'd'' o/^'lr'"'"' ''''' ^^^^"^ the 

objectives. ' '""^ '^^^"9 to five of the seven 
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In the Science Processes dotnai n pupi 1 s ' perf;orinance on the questions ^ rela- 
ting to the identification and control of variables was rated as "Satisfactory". 
The ability of Grade 12 pupils to interpret data from graphs and tabled, was 
judged t6 be "Marginal". Since" these two processes are vital to scfentafic 
thinking; it is disappointing that the results are not higher for pupils so near 
the end of their publ ic° school ing. 

f • - ■ 

f , ' ■ - 

\ Pupils' knowledge of scientific concepts was also judged "Marginal-", as was 
thdir knowledge, of safety procedures. The only "Satisfactory" rating in the 
knowledge domain -was' for Applications of Science (Technology) and the Nature of ; 
SciefTce. ~ . , • ' ^ ' 

' In the Higher Level Thinking domain, where pupils were required to apply 
scientific knowledge to new situations or to select appropri'ate conclusions based - 
on data, the results were judged . "Margi nal ".• ' - ' 

The overall picture from the Grade 12 Assessment is discouraging. In no 
areas assessed coul,d jt be said that pupils were achieving well. A substantial 
number of Grade 12 'pupils had completed, or were about to complete, their last 
formal course in science. It is disheartening, -therefore, 'to learn that many 
secondary school graduates do not have adequate knowledge of basic s-cience con- 
cepts, cannot use some of the central processes of science adequately, and'do not 
apply scientific knowl edge we>l . 

• The Contract.'Teanr hopes that appropriate implejuentation , including ext^n^i ve 
in-service, of the re'vised junior secondary science curriculum will do iliuch to 
remedy this situation-. 

2.3.5 Comparisons with 1978 

. Because of differences in' procedures in administering the achievement forms 
at the Grade 4 level, direct comparisons between 1978 and 1982 cannot be made . 
When judgements of 'the Interpretation Panels of the two Assessments are compared, 
one finds that, in" 1978, there was overall satisfaction with the success of the 
primary program, but, in 1982, there are now a number of concerns as well as 
areas of strength; 

The overall performance of Grade 8 pupils in 1982 wasr- very, similar to that 
• in 1978 an Assessment questions which were repeated, ^ and, on these, the 198? 
Interpretation Panels' ratings were similar- to those in 1978. The areas in which 
change was assessed were given "Satisfactory" ratings. The areas of. Grade 8 
weakness in 1982 that caused concern are areas which were not explored in 1978. 
■* Table 2.8 summarizes the change domains for Graides 8 and 12. 
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perceJf beTo? at^^TgTa o/the^'ul'wh T''' approximately two 

acMeve.e„t. U „„„,<, be f^^ "t^ '.a?tL"t', f .Vtt^? |^ 
he 1978 P,„el for Grade 1? perfir»,ance , Grade 



weaknesses; in 



Panel had lower expectations than the 1978 Panel 
12,pupils are falling below these expectations. 



' ^'^-^ Sex-Related Diffprpnr. . in Achievement . ' ■ 

samples^'i-h^p-;,^^^^^^^^^^^ girls on 

table includes a sa.ple^of Grade'JSltutnn w\'l 1 l^l^aTf "nTJl* 

that Ihtre'Vs^^'l.^i^S a°nVsuU^^^^^^^ -^"^^^ -x was 

concepts between boys and qirTs ?n f^vm r J k '''"'V" '^"owledge of science' 

primary grades and persfsJs 'Jh^rol^gh^^t'C chtl'TaVs ''in th?"' ^^'? 
grades, there are small diffprpnroc Vn ^^/rs. In the early elementary 

Science Processes , but these are era Jh hl'^H °o ^''^^ achievement in the 
at Grade l i favour boys Howevpr t'h^c >■ h'- '"^ '^^^ differences ;vhich 
that different processes wer?^t;sted at SiVlr.n/ ""'I ^ to the fact 

wherever knowledge of scTenti f ir rnnLjc T ^^^^ outperform girls 

performance (as 1 n Hi^h^L^^ to 
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Jable*2.9: Sex-Related Differences in ^Achievenent ^ 



DOMAIN/OBJECTIVE* Grade 4 Grade 8 , Grade 10 -Grade 12 



DOMAIN 1-^Science Processes G** . . ns ns 



Objective: 
Observe aad Ififer4 G 
Classify ns ns — 

Communicate . G* B* 

Quantify ' ' ns — , 

Interpret Data - ns B** B 

Identify and Control > j 

Variables G* ns ns 



DOMAIN 2--Knowledge--recall and 
^ understand 



\-k-k 



Objecti.ve: 

Biological, Physical and ,^ 
Earth/Space ^Concepts 

Applications of Science 
(Technology) ahd the 
Nature of science 

Safety Procedures 



B** 



ns 
G** 




X-k-k 



B** 



B** 



DOMAIN 3-~Higher Level Thinking ' ns 



Objecttve: 
Apply Biological, Physical 

and Earth/Space Concepts 
Use' Ratiorfal and Critical 

Th.tn^ing 
Evaluate Evidence for^ 

'Conclusions * 
SoUe Abstract Problems 



RS 



ns 



B** 
B** 



'B. 



B* 
B** 



B^ 



B** 



ns = not significant 
* p < .05 
** p < .01 



G— Girls' mean exceeds Boys' mean 
B--Boys' mean exceeds Girls* mean 



^•^•^ Differences Related to Language Background ■ . 

tion of non-English speakers to^ Brit sh rollhT/'\"'^' ^lenished by immgra- 
families moving to English as thPir^^.t . t f'^' ''"^"9 depleted by 

scores of those whose first ranauaae .J^ nl f v" J^"9uage. When ■ domain mean 
scores lie t^tween those who cur^^^^^ e^^mine^,- such mean 

rently speak another language a home The diff rpn'' 

the means of those who now soeak EnnT^.h J^^^^^^f^nce between these means and 

2.3.8' Other Differences 

was cJSsef; LT^posufv^fy'v^flted ro'th'e"! 'r^'''' '''' ^'^^ Performance 
and that a sample of current r" . ^'^"^^ 
pupils who had faken^L^seTifr s'^o^darj s^cTe^^^ 'coursfs!^^ ''^'^ 

those'whoMd oXJ\ranV'o'r""l-td'U° Tr''^ °^ outperformed 
in^^r,lation o the nu^^ ^^^^ ce ^;rr:e^s tT^.^^ t-L^ ^nV^ 
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^ Grade 10 students 

■i Grade 12 students, no science past Grade 1-0 

□ Grade 12 students, Grade 11 but no Grade 12 science 

(M Grade 42 students, at least one Grade ^12 science 



M 

e 
a 
n 

P 
e 
r 
c 
e 
n 
t 

C 

0 

r 
r 

e 
t 
t 




Science 
Processes 



Knowledge 



Higher Level 
Thinking 



ERIC 



34 - 



CHAPTER 3 

SCIENCE TEACHERS: BACKGROUNDS AND OPINIONS 

In order to identify the current context of science teachina in ^Briti^h 
Columbia 0 document current classroom practices and to Assess chnges sine e 
British Columbia Science Assessment 1978, responses -were sought from Lc^^^^ "^ 
science through the ^se of questionnaires. The questionnaires one Jor? elempn 
tary and one for secondary teachers, were modifications of the one^ used in ?97T 
nf IL' ^^i^^description of the teacher samples, this chapter presents a sular; 

7 oflh.' J982 BM^^fh cT l'' r''''r'^''' detailed'?' Ch pters 6 anJ 
/,ot.tH€ 1982 B ritish Columbia Science Assissrnent: General Report. 

Samples of teachers were selected to participate in the Assessment Exclu 
wh^ HTh P'^^'^.^P^V' vice-principals, school district staff and any teSer 
who had been previously selected to answer a Science Council of Canada Sc ence 
Education Survey questionnaire. A total of 1322 elementarv Zrt L.r. a 
teachers completed the questionnaires. These totasep resented a retur ra e of 

over sow. The samples were considered representative of the scie"*^^^^^^^^ 
population in British Coluribia. sciencg teaching 

i 

* 

^•^ Teacher Characteristics: Ag e. Gender, and Teaching Experience 

Since the 1978 As.sessment, the. median ages of teachers frnm ;,n crhr.«i 
levels have increased by about two years. SiL larly, the Indians of teacK 
experiences have also increased by about ' two years In lifi? • /h. 5 ^ 
experience was 10 years for both elementar? and juXr seco ary te'ache^ and'fs 
years for senior secondary teachers. British Columbia science Lche s L 
??aini-n"g.'°'^ ' °" "^^^ '^'^ thefr pre-servfce 

.At all levels, the mean age of females is less than that of males * -FemalP^ 

.t fhp\ ':°'' ^^^^^^^ ^^t^^-"^ ^^^^ "^^y retu n^ t ac 

at the elementary level but rarely at the Secondary level. There is a faili?! 
at the secondary level both to recruit young women and to retain m^st of Jh^^! 
few women who. start out. teaching science. ^ retain most of those 

At the secondary levels, both in 1978 and 1982, the'majority of teachers 

T.ZT.^t; ' ^^^^^ i"^^^^^^ si"" 19^8 1- the number 0 

females^ at the jOttor secondary level, nine out of ten secondary teachers Tn^S 

were male. At the elementary level, there was a slight increase in ^he number of 
fllrJr!'^'Z four-year -period, but females stil-l comprise 6^2% of the 

teachers. At the elementary level, males are used as science specialists to a 

Li^L^^fc^ounr ''^^^ ty,icai%^i^;:^';Sn^sw: 
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3.2 Teacher Characteristics: Science Background 

Ihe science background of teachers in elementary schools is usually weak, 
particularly in the case of females. One-fourth of the elementary teacfters have 
not taT<en"^as much as one* 3-uni tx^ourse in science, at the uni versity /col lege 
level. At the secondary level, the senior teachers have stronger backgrounds 
than the junior teachers. Jhe typical** junior secondary teacher is adequately 
prepared' in the • biol ogical sciences but usually not in the physical or earth/ 
space sciences. 

' ^ Almost' all senior secondary school teachers feel adequately prepared to 
teach science, but a small percentage of junior secondary science teachers feel 
unprepared, and. 42% of elementary school teachers feel less tha^ adequately pre- 
pared. 

3.3 C^llCi nation of the Science Programs ' 

One of the strong recommendations from the i978 Science Assessment was for 
increased coordination of science at the school and district levels. It appears, 
that some progress has been made in secondary schools, but not enough has been 
done at the district level. Half of those responding to the questionnaire indi- 
cated no district coordination. In-school coordination at the elementary level 
.remains inadequate. 

3.4 Physical Facilities, Materials, and Equipment for Teaching Science 

In 1982, there still seems to be a lack of storage and. preparation facili- 
ties and suitable classrooms for teaching elementary science. At the secondary 
leveK facilities are inadequate in many junior schools. 

Provision and Inspection of safety equipment are still unacceptable at both 
the elementary and secondary school levels. However, some ipiprovement since 
1978 is noted in secondary schools. 

Elementary teachers are still experiencing difficulty with equipment and 
materials, particularly in terms of poor quality. The situation at the secondary 
level has improved somewhat since 1978, but problems remain in small junior 
secondary schools. Many teachers at both the, elementary and junior secondary 
levels find that they have^to adapt their teaching because of lack of equipment. 

Compared to 1978, mofe teachers at all levels report that science reading 
materials ' are less than adequate, i.n both quality and quantity. 

3.5 Worth of the British Columbia Science' Program ^ 

V While elementary and junior secondary teachers see some worth in the British 
Columbia science program, they fall below the senior secondary teachers in their 
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eijimations of worth, even though the senior secondary ' teachers have siqnifi- 

tpSLjPT'?-'^'^'. elementary and junior se on ary 

teachers feelings-^ inadequacy of preparation for .teaching seem to be related, 
to their perceptions of program worth. % 

v. ... 

\V 

Assignments in Science: Sa tisfaction in and Time Spent in Teaching Science 



ElemHcitary and senior secondary teachers seem to be satisfied teaching 
cience at^their present level, -but the junior secondary teachers appear to be 
If fA"^ ^ ^^'V assignments, a situation similar to that in 1978. Many 

of the lattei^expressed a desire to teach at least some segior secondary courses, 

to..h^!I^'"^"^^%^^Tu^^''^ .^^"^"^^^^ spending the recommended time ^n 

ba rid "a^VhI'^' '^h"''^T correlates highly with their lack of ,scientif 
.niJ.u se/^°"^ary level, there is a strong trend toward increasing 

ere^enU^y ieleA'''^ '"'^ ' ^'^ ^^^^^"^ the 

T he School Scien% Programs: Teachers' Suggestions for Improvement 
top rlnked^were: expressed, common suggestions for change.. The three 

• the provision of ^nt materials other than textbooks 

• background informa^n for teachers 

• provision to help e%ptional pupils, both gifted and handicapped 

Other highly rated sugges%ns included the need for more adequate reading 
resources, increased use of sp%alist science teachers in elementary schoo ! 
■ and the need for science programs% empha'size the impact of science on society. , 



3.8 Teacher Education: Pre-service 

Most teachers felt that their im%al preparation for teaching science was 
inadequate. Only 30% of the teachers\l ieved their pre-service trainin" Zs 
adequate or better. Even among senior se%ndary teachers (who rated their train- 
ing more highly than other teachers). only%2% felt the initial training to have 
been adequate or better. ^ ^ ^ 

Given a list of teacher education top'ics'^ll teacher groups felt each com- 
ponen should receive greater emphasis' than it%tually did in ?heir pre ' erv?ce 
tZnV't ^'^ ''"^y V''^ teachers\ratings of what were, and what 

should be, major components of pre-service ec%ation for science teachers 

whi^h'^ nniH'll'"^l°".K''%''^^l^- ? disXpancy between the emphasi^ 

which should be and the time which was given to the f|Dic of Laboratory Safety. 
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Table 3.1: Emphasis that Should Be and Emphasis that Was Placed on 
Elementary Teacher Education Components 
(Rank Emphasis Component Should Receive) 



Rank of Emphasis Numb,er of 



Median' 



it Shnuld 


Question 


Component Should 


n a o 


P p r P i v P 

rx 1 V c 


r 








1 


(15? 


Pr^rtiro in To^rhinn ^ripnrp 




2.22 


9 
c 


) 


IpQ^nn Pl;*nninn 


3 44 


2.81 


3 . . 






41 


2 19 


4 


il2) 


Hnw tri npyplnD'TurririjlNm 










' Matp ri a 1 s 


3.36 


1.90 


5 


(14) 


PrpRr^ r;*t i fin ^ripnrp M^tpri^T^ 


3.34 


2.12 


6 




Gpnpral Science * 


3. 14 


2.42 


7 


( 4) 


Suhiprt M;*ttpr in Soprifir Arpfi<^ 










of Science 


3.05 


2.16 


9 


(16) • 


Hi <i n J <i <j i on nf Prnhlpn*^ nf 








S(*if^iirp Tp^fhina 


3.01 


1.47 


9 


(19) 


L fihor^itorv S^ifptv 


3.01 


1.32 


9 * 


(22) . 


U^p of Communi tv Rpsourcps 


3.01 


1.45 


11.5 


(11) 


Survey of Available Curriculum 










* Material s 


2.98 


1.76 


11.5 


■ (23) 


Usp of Audio-Visual Materials 


2.98 


1.88 


13 


(21) 


TntPGPfition With Othpr Suhipcts 

iiiucMiuuiwii niuii vuiici ^ \a\j ^\^\^ \* 


2.92 


1.68 


14 


( 2) 


Techniques for Developing Reading 










Skills in Science 


2.84 


1.25 


15 


( 3) 


Technique for Developing Writing 










Skil Is in Science 


2.76 


1.23 


• 16 


(■ 8) 


Testing/Evaluating/Grading ifi 




i.7r 






Science 


2.74 


17 


. (18)' 


Care and Maintenance of Equipment 


2.55 


1.30 


18 


(17) 


Care and Observation of Animals 








, in the Classroom 


2.39 


1.15 


19 


( 7) 


Psychology of Learning 


2.30 


1.77 


20 


( 9) , 


Chi 1 d Psychology 


2.27 


1.69 


21 


(20) 


Special Education 


2.25 


1.11 


22 


(10) 


Theories of Intellectual 








Development 


2.07 


1.48 


23 




History and Philosophy of 








Science 


1.79. 


1.20 


* Scale from 1 


(Very Little Emphasis) to 4 -(Very" Heavy ..Emphasis) 
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Table 3.2: Emphasis that Should Be and Emphasis that Was Placed on 
^ Secondary Teacher Education Components (Medians) 



Techniques and topics rated on a scale* 



Junior Secondary 
Should Was 



Senior Secondary 
Should 



1. 


Techniques' of teaching science 


3^69 


c . JO 


0. 00 


2.64 


2. 


Techniques for developing reading skills 








• 

3. 


in science 




1 1 ^ 


0 oc. 
dl.OO 


1.12 


"IWiniques for developing writing skills 












ifi science 


2 85 

Cm • KJ-^ 


1 1 


0 0 1 

^. yi 


1.14 


4. 


Subject matter in specific areas of 












science 


J • uo 


C . Do 


3.52 


2.85 


5. 


General science 


3 05 


9 97 

C* LJ 


0 .Uo 


2.19 


6. 


History & philosophy of science 


1 Qfi 


1 '^n » 
i . ou • 


O OA 

C.C\J 


1.38 


7. 


Psychology of learning 


2 41 




^1 .Do 


o c c 

2*55 


8. 


Testing/evaluating/grading in science 




C% lO 


0.U4 


2.29 


• 9. 


Psycholoqy of adolescpnrp 


0 Al 


1 .93 


2.43 


2.21 


. 10. 


Theories of intellectual development 


2.05 


1 79 


9 no 


1 . /y 


11. 


Survey of available curriculum materials 


? ft! 


i . /U 




1.86 


12. 


How tD develop curriculum materials 


2 91 


1 ?P * 


o no 

^.yj 


1.58 


- 13. 


Lesson planning 


3.18 


. 2 17 


0 . Ol 


^ oo 
c.oc 


14. 


Preparation of science materials 


3.16' 


1 QO 


k 0 1/1 


o 1 r» 

2. 10 


15. 


Practice in teaching science 


3.85 


7 87 


0 .oD 


o fin 


16. 


Discussion of problems of science teaching 


3.23 


1.76 


3.22 


1.91' 


17. 


Care and maintenance of animals in the 










18. 


classroom 


2.15. 


1.09 


2.07 


1.09 


Cvare and maintenance of equipment 


2.55 


1.14 


2.46 


1.18 


19. 


Laboratory safety 


3.32 


1.39 


3.32 


1.39 


20. 


Special education ""1.72 


1.06 


1.65 


1.07 


21. 


Integration with other subjects 


1.79 


1.12 


2.34 


1.11 


22. 


Use of community resources 


2.54 


1.22 


2.44 


1.22 


23. 


Use of audio-visual materials 


2.79 


2'. 04 


2.82 


1.93 



* Scale is from 1 (Very Little Emphasis) to 4 (Heavy Emphasis) 
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3.9 Teacher Education: In-service 

Nearly 50% of all teachers surveyed expressed the need for extensive in- 
' service education. Almost all teachers were willing to participate in released- 
, tine in-service, and a larjge proportion indicated they would participate after 
school hours. The mosl preferred fdrm of in-service are also the easiest to 
plan, so it was disturbing to discover that one-third of the teachers had 
declared that such activities had not been planned in their districts. Teachers 
who had experienced in-service training found these activities to be niore effec- 
tive in 1982 than in 1978. In view of the findings of this Assessment, in- 
service requirements seem to command a very high priority. 



3.10 Activities in Science Classrooms 

Elelnentary science teachers reported using a wide variety of classroom acti- 
vities, with verbal interaction activities and the consideration of observations 
on data activities outranking hands-on manipulative activities. At the secondary 
level, teachers reported that performing experiments from instructions and 
answering questions are more frequent pupil activities than are verbal interac- 
^ tions. Pupils designing their own experiments was the least frequent activity at 
all levels. . , • - ' 

Among important elements of scientific procedure are such activities as 
generalizing information to new problem situations, making graphs from experimen- 
tal data, and designing and doing experiments. Junior secondary' teachers use 
these activities less often- than the Contract Team views as desirable. Jhe in- 
frequency of these activities in the classroom may have led to some of the weak- 
nesses in pupil performance which the results of the achievement forms and the 
subsequent Interpretation Panel ratings Showed (see Chapter 2). 

As j*n 1978, the Contract Team agrees that secondary schools should examine 
ways in which to obtain more time^for science instruction. 

3.11 Science at the Three Levels ^ , 

El ementary — ^ 

Since 1978, the textbook programs, STEM and Exploring Science , have become 
• available to most British Columbia elementary teachers, while the Materials Based 
Program has become less availabfe. Nearly three-fourths of the teachers used a 
combination of programs, with a higher proporti-mT of primary than intermediate 
teachers doing so. The most commonly used materials were the Exploring Science 
texts, with STEM texts having second place. Forty percent of t.he elementary 
school teachers reported that they lacked sufficient materials to teach their 
program. Exploring Science was the program with which most teachers had greatest 
familiarity, while familiarity witli the Materials Based Program has declined a 
great deal since 1978. Teachers preferred the programs in the following order: 
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' fPlt Ihft^Tt' ^^^e most familiar with, or >who preferred. Exploring Science 
In Lhif J /''.'''^ ^° ^''^ teach, had reada ble texts and was ' 

suitable to teacher backgrounds. Teachers who preferred STEM did so for . w^Hp 
variety of reasons, none oT^ which was selected by a prep^ra ce of teache s 
•Its in'tlr';:r the Materials Based PrLr.^ ^.t^H T^^.f J^^^.^?.^^. ; 

ient selection ' '° Pup^ls, the amount ofpupil activity and the con- 

Junior Secondary 

thP [nninrV^/'"" the' Ministry of Education for work done so far on ' 

t.he Junior Secondary Program, particularly the successful introduction of a 
better Grade' 9 program. The new Grade 9 textbook has received considerable 
approval from teachers. Further improvement is also anticipated with the in?^i 
duction of the proposed new junior secondary curriculum. 

science! '''' °^ ^''^ °^ ^^'"^ ^P^"t in teaching >rth 

I r 

Senior Secondary 

-m.f nrit^i°i?^^- 12 courses are causing increasing problems. Because of 

- Sch ;t h '"^ '^^""^^ °f course content in Biology 12 

which may be too extensive for the time available, a revision of the bio^oav 
curnculun, may be indicated. Teachers reported that the new hysics 11 course is 
an improvement over the old course. ' . f-nybigs xi course is 

^•12 Impact of th e Brkish Columbia Science Assessment 1978 ' 

Of concern must be the lack of impact that the 1978- .Science Assessment had 

0 "I teachers/re or ed befng u awa 

?h. p J -'f^J^''-'^ suggested that districts make cop es of both 

S alailahrTJ' ii^"'™''^ ^'^''^ '"^ ^''^'"'^ Interpretation Report directly 
0 aval Table- .to all science teachers. urretLiy 
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CHAPTER 4 

RECOMMENDATIONS ARISING FROM THE 1982 BRITISH COLUMBIA SCIENCE ASSESSMENT 

This chapter presents a nuntJer of recommendations that have arisen from 
etai ed studies of the data collected during the Assessment. S ace limUations 
in th|s Summary Report prevent reporting a complete rationale for each 
recommendation. However, the interested reader is referred to the 1982 British 
Columbia Sci ence Assessment: General Report , for more specific inf ormation and 
analyses. 

4.1 Recommendations: Of Highest Priority 

The Advisory Committee held two extensive di scussi'ons^ wfth the Contract\eam 
about th^ significance of the findings from this Assessment and it was- agreed 
that the area of teacher education, both in-service and pre-service. should be 
singled out for special consideration and priority recommendations. 

.such as facilities, materials and equipment, curriculum and 
teaching-learning conditions are important in the teaching of science. However 
quality in these factors is secondary in importance to the quality of the 
teaching force. Dedicated, competent and confident teachers are needed if 
science is to be taught well. Confidence and competence are related to the 
training one has for the job. 

. The Assessment found that a large number of elenentary school teachers have 
no academic or professional courses in science or fehe teaching of science and. 
therefore, must be considered inadequately .prepared. There are even larger num- 
bers who have minimal science backgrounds and who admit that they do not feel 
adequate y prepared. In contrast, at the secondary level, most teachers feel 
adequately prepared, and the data suggest that the vast majority of them have 
taken course work in depth in at least one science area. There is- evidence 
however, that many junior secondary teachers lack depth of background in physical' 
and in earth/space sciences, and a small percentage lack professional courses in 
science teaching. 

The various groups involved with the Assessment are convinced that science 
IS more than a unique body of knowledge. They believe that there are scientific 
ways of obtaining knowledge and of thinking about the natural world. Central to 
these beliefs are methods of systematic observation and experimentation, careful 
presentation and interpretation of data, and evaluations of the interpretatfons 
of others.' Because of these convictions, the Advisory Committee and the Contract 
Tean set specifications for the assessment exercises which stressed science 
processes and critical thinking. Rieview Panels accepted the items in these areas 
as valid reflections of the goals of the British Columbia science program. The 
Interpretation Panels expressed most of their concerns and made most of their 
recommendations in these areas. 
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The Contract Team and the Advisory Committee interpreted the data from the 
• achievement forms, from the Interpretation Panels' deliberations, and from the 
teacher questionnaires to mean that t^he unique features of science are not well - 
taught or well learned. '* ^ ' . . 

There was unanimous agreement among all groups involved with the Assessment 
that pupils must be taught in a safe environment, and must be taught safe 
procedures. The "Marginal" or '^Weak" Interpretation Panel ratings given on the 
safety objective at all three levels cast doubts on the effectiveness of the 
teaching. ' . 

The teacher questionnaire data .strongjy indicate that the teachers of 
British Columbia are prepared to invest time ^and effort in improving their 
competence as science teachers. 

^ When all the foregoing factors are considered, it seems necessary that there- 
be ^an organized and concerted effort ' in Briti-sh Columbia to improve the 
competence of those teachers now in the field and to ensure that future teachers 
are adequately prepared for the task which confronts them." 

It is therefore recommended : 

Recommendation 1 . 

that the Program Implementation Branch of the Ministry of Education coordin- 
ate the design, development and delivery of in-service programs for teachers 
which will focus on th^ following areas of need: 

• how to teach science processes and critical thinking skills 

• * 

• the development of an adecjuate background of science know- 
' ledge in areas stressed in the curriculum, in areas of weak- 
ness for elementary teachers, and in the physical , and 
earth/space sciences for junior secondary teachers 

• how to safely teach science 

• -how to teach safety to pupils 

The Corvtract Team suggests that the provincial Science Advisory Committee 
guide the design and' development process. For junior secondary teachers, the 
' program should be linked to the implementation of the new cQrriculum. It is 
further suggested .that, as far as possible, the delivery of these in-service 
programs be in forms which teachers find mos't helpful --informal meetings with 
other science teachers, workshops conducted by teachers and visits to model 
classrooms. One "of the priority needs "expressed by teachers was for background 
information relating to the science curriculum'. Such sources of i'nformation must 
be accessible to teachers. 
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^° P'^^P^'"^ 3rtd provide background inf orinati on for both elementary -and 
junior secondary teachers must be developed. Various groups such as the B C 
Science Teachers' Association and university personnel, should be consulted 
The preparation of the source book for junior- secondary science teachers night 
provide a model for this -process. ' v-c Lecn-uers, niynt 

• * * * 

Rec-Ofumendation 1 . " , 

» of'Jpa^hpJ^!^""'"^ taken, with respect to the pre-service'trai ning 



the Faculties of Education should revise teaoher education 
programs-as needed to ensure that: v 

' (i) all pre-ser^vice elementary teachers' experience science 
study to, a minimum of Ja 3-unit. course or equivalent at- 
the university/college level, (and . 

,{ii) all pre-service elementary teachers take°a course in 
science teaching methodology ^ ' 

• the Faculties of Education should give greater emphasis to 
•each of the techniques and topics identified 'by teachers to 

be most inadequately emphasized in their pre-service 
training (See Tables 3.1 and 3.2) ' . 

• thfe Ministry of Education should revise certification guide- 
lines to reflect the above 

^ > 

4.2 Further Recomniendations 

i-u Throughout thh report, recommendations are made, wherever the analysis of 
the data Identifies a neied. Someeimes. simflar reco-nmendations are made in dif- 
ferent .p aces The following Sections collect these recommendafions and' combine 
them. In addition, the text of^ Ihe report often suggests or urges desirable 
this^chap°ter^''''°"* brevity, these suggestions have not been reprinted in 

4.2.1 Recommendations to the Ministry of Education . , Prnvinrp of British 
Col umbia * ^ \ ^""^ — 

• 

-Not only must the science teachers be knowledgeable about safety in science 
teaching, but the conditions under which scT^ce is taught must be safe. 
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It is therefore recommended: " " ' . 

^ ^ ) 

Recommendation 3 > . ^ * . ' ^ ^ . ^ 

that the. Ministry of Education establish safety standards for school science 
classrooms, and provide funds for school districts not only to condOct 
surveys of the science safety equipment in schools where science is taught, 
but also to correct deficiencies that may be discovered through such 
surveys* . (This recommendation is repeated from the 197.8 Assessment*) 



A, consistent theme 'in the secondary teachers' questionnaire was the need to 
re-examine the senior secondary biology program^ , ' 

It is therefore recommended : ^ ' . . 

Recommendation 4 , ' 

f * 

that ^he Curriculum Development Branch of tbe Ministry of* Education 
estalflish a Senior Secondary Biology Revision Committee to re-examine all 
aspects of the- senior secondary biology curriculum, 

4^2.2 Recommendations to the School Districts of Britjsh Columt^ia 

The -teacher questionnai4^es clearly demonstrate that science teachers feel a 
need for "adequat^e science coordination at both school and di strict Jevels. Some 
progress has been made since, 1978 but the Contract Team is,^of the opinion that 
more is necessary. 

It is therefore recommended :^ . " , * 

Recommendation 5. ' * • 

that school districts: 

• evaluate the form pf science coordination within each school 
. and establish some form of school-level coordination where 

none now exists 

• not currently providing ^scfence coordination appoiiit or 
designate a qualifted individual or individuals to be 
responsible for coordination and leadership of the science 
programs within the district 



If scienfe is to be well Jaught, there must be both adequate facilities and 
a good supplfy of necessary equipment and materials. 



It is therefore recommended: 



Recommendation 6 . 

that school districts: . ' 

• Investigate the potential for converting some 'existinq 

. / . 

^L'r'.n'V'L';^''^."*]""^' "'y' *° "tilize available 
^5^??.hi^ ^ •''^"^'''^ 'J^'^Se and preparation space is. 
aval lable for science' teaching 

, • attempt to provide for adequate ventilation, storage space 
Z '^y'^^ general Storage space for eqaipEent 

ToL faPll'' preparation space and increased 

in schools ^''^ "-^^d^d 

*' p^Si! t^^^ quantity and quality of the materials and 
equipment used in their science programs, and make ^ 
determined effort to effect improvement^^ere these are 

. Sd^^^'sSs^^^^ ^^^^^"^^^^ -^^^ 

' • '^"""[^ge school libraries to purchase an adequate supply of 
schools ''^ "laterials in both' elementary and secondary 



Questionnaire data show th'St thprp -ic cm^^n' k..4. « *. • / 

It is th&refgre recommended : . . 

Recomme ndation^ 7. ' * 

; ; o ¥ 

• that wherever possible; school" districts and administrators 
. avoid assigning teachers with little, science background to 
teach science m junior secondary grades! Where teachers 

sSld L LT/Jl^'^"^ specialty. . provisions 

snguid be made for retraining. 



4.2.3 Recommendations to Schools and School Administrators in British - 
Columbia ' ~ 

• Attention is. drawn to recommendations 5, 6 and 7. 

* * * • ' . 

^ * * , 

Interpretation Panels' ju^dgements ^"^f the achievement results- clearly 
indicate that elementary school science programs are not as effective as they 
should be; Questionnaire data shpw that a substantial percentage of British 
Columbia .elementary school pupils receive instruction in science for leis time 
than the Ministry of Education recommends. 

It is therefore recommended : ^ . 

Recommendation 8. ' ,^ 

^ ■ ' • 

• 'that school administrators, and teachers follow the time ^ \ 

allocations given^'for science instruction in the 
Administrative Handbook 

4.2.4 Recon)mendations to Teachers of Science in, British Columbia 
Attention is ^drawn to recommendation 8. • . > 



Teachers at all levels showed concern about the lack of printed tnforraation 
^ other than textbooks available for pupils "in- science. This item^was' ranked, hi gh- 
est by all growps of teachers on a list of suggested changes. The- provision of 
' such materials is a responsibility of school ! districts, but the cTioice must 
involve science teachers. 

' It is ther efore recommended : w ^ ' , 

Recommendatio^n 9 . * • • 

^ , t ^ , - 

that teachers and « school Itbrarians cooperatively exp4^ v 
the upgrading of print materials in liljraries and classrooms 
'at both elententary and secondary levels ' • 

A finding' from't^e Grad'e--12 Assessm'ent was that pupil acliievement in earth 
^ sciences! was especially weak. A finding .from the secondary qOestionnai re was 
.that Junior secondary teachers were spending less time in these areas than in any 
othe-rs. * \ . 
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, It is therefore recommended : 
Recommendation 10 > 

♦ * ' 

The Interpretation Panels that examined the provincial data for mmii nor 
fortnance made a number of recommendations to teachers An arl sI.IpH rh^ 

It is therefore recommended : » ' . ^ 

Recommendation 11 .' , 
that science teachers: . 

' * their'leSel ""^erstand safe procedures appropriate to 

give *pupiTs more practice in p'resenting results in svmhniir 
forms (especially graphs) and in interpreting such forms ^ 



give extensive time (particularly in elementary sphool) and 
.emphasis to measurement and quantification skills and to the 
use of the-metric system 

give pupils in upper elementary 'grades, and secondary schools' 

rnT u f""^^''^.^^^ analyzing variables and designing 
controlled experiments ' ^ ^ 

give more emphasis to teaching the practical applications of 
science knowledge and to using' that knowledge in, n^w 
s 1 u u d u 1 0 n s ' 
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APPENDIX A 



MEMBERS OF REVIEW PANELS 
Primary Panels 



Ri chmond 

TomAyres, Teacher, Surrey School District 
Delle Booth, Teacher, Howe Sound School District v 
Lise MacDonald, Teacher, Richmond School District \ 
Rosemary Meissner, Teacher, Coquitlam School District 
Alfred Serftas, Teacher, West* Vancouver School Disp^ict 
Wendy Shi.ems, Teacher, Delta School District ^ 
Penny, Stock, Teacher, Vancouver School District 
Luanne Whiles, Teacher, Vancouver School District 



Cranbrook 

Jennifer Carter, Teacher, CastJegar School District 
'Heather DeWald, Teacher, Creston-Kaslo School District 
Debbie Ewan, TeacheV,, Trai 1 School .District 
David Humphrey, Teacher, Cranbrook Schpol District 
Brian Lutz, Teacher, Cranbrook School district 
Mary Lyor^, Supervisor, C'reston-Kaslo School District 
Sylvia McGregor, Teacher, Trail School District 
dill Shannon, Teacher, Castlegar School District 



Intermediate Panels 



Parksvil le 

Ray Bower, Coordinator, Victoria School District 
Kathi Hogan, Teacher, Campbell River School District 
Jackie Landort, Teacher, Campbel V Ri ver School District 
Jennifer Leary, Teacher:, Qualicum School District 
Norman Lindberg, Teacher, Qualicum School District 
'^'-^^--^^vid Lovye., Teacher, Alberni School District — - 
Keri Munsiow, Teacher, Sooke School District 
Robert. Wall, Teacher, Victoria School District 

Richmond 

.•Robert Axford, Teacher, Coquitlam School District 
Ken Fletcher, Teacher, Surrey School District 



Vivian McConnell , Teacher, Vancouver School District 
Russ McMath, Teacher, Richmond School District * 
Tony Racier, Teacher, North Vancouvef" School District 
Gerry Sandberg, Teacher, North Vancouver School District 
Eleanor Swan, Teacher, Sunshine Coast School District 
Don Van Kleek, Teacher, Sunshine Coast School District 
Stu Weir, Teacher, Delta School District 
John Zappavigna, Coordinator, V|ncouver School District 



SecSndary Panels 



Kelowna 

Mark Batchelor, Teacher, Central Okanagan School District 

Rick Dedora, Teacher, Vernon School District 

Sahtosh Dey, Teacher, Shuswap School District \ 

Bob Fisher, Teacher, Kamloops School District 

Craig McLeish, Teacher, Central Okanagan School District 

Don Pavlis, Teacher, Cari bou-Chi 1 cotin School District 

Lee Venables, Teacher, Nanaimo School District 



Ri chfnond 

■ r 

Ross Apperley, Teacher, Richmond School District 
Jim Ferguson, Teacher, Sunshine Coast School District 
Jim Kettlewell , Teacher, Langley School District 
JimMcKellar, Teacher, Coquitlam School District 
Gary Spicer, Teacher, Surrey School District 
Wayne Wood, Teacher, Prince Rupert School District 
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APPENDIX B 



MEMBERS OF INTERPRETATION* PANELS 



Grade 4 



Cheryl Andres, Teacher, Independent Schools, Delta 

Lil Broadley, Teacher, Victoria School District 

Louise Burgardt, Principal, Nechako School District 

Anna-Mae Gartside, Trustee, Cranbrook School District 

Fred Gornall, University of British Co,lunibia 

MargaretSGroome, Parent, Surrey 

Frances Horan, Trustee, Nelson School District 

Peter Hyde,\reacher, Stikine School District 

Lew Jones, Teacher, North Vancouver School District 

Virginia MacCirfhy, Consultant, Cowichan School District 

Kathy 01 li la, vTeacher, Sooke School District , ^ 

Pat Rutherford ^^Teacher, Caribou-Chi Icotin School District 

Luisa Sessions, T^her, Victoria School District 

Sally Terakita, TeaXher, Coquitlam School District "* 



Grade 8 

Larry Ballard, Teacher, Invermere School District 
Al Boerena, Teacher, Independent School, Surrey 
Bill Costain, Principal, Nelson School District ^ 
Bart Deeter, Science Helping Teacher, Surrey 
Peter Demchuk, Teacher, Saanich School District 
Ian Johnson, Teacher, Kimberley School District 
Scott Nicholson, Teacher, Burnaby School District 
Ken Serl , Vice-Principal, Kamloops School District 
Bill Smith, Teacher^Chi 1 1 iwack School District 
Marguerite Sykes, Trustee, Merritt School District 
Pat Tait, Teacher, South Okanagan School District 
Kathy Wade, Teacher, Langley School District 
Reg Wild, University of British Columbia 
Audrey Will, Parent, Vancouver 
Dan Young, Teacher, Sooke School District, 



Grade 12 ^ . . - 

Ken Baker, Teacher", Nanaimo School District 
John Betts, Camosun College 

Keith Bur^iett, Teacher, ChiUiwack School District 
Bob CocOran, Teacher, Independent School, Vancouver 
Don Cunningham, Teacher, Quesnel School District 
Allan Davis, Teacher, Cranbrook School District 
Bob Gardner, Teacher, Burnaby School District 



Marguerite Hall, Trustee, Quesnel School District 

Don Jacques, Jeacher, Prince George School District 

Hollis Kelly, Trustee, Surrey School District 1 

Alice Marquardt, Teacher, Peace River South -School Dsisfcrict 

Elaine Murphy, Teacher, Nanaimo School District 

Neil Risebrough, University of British Columbia 

Lynn Sturgeon, Parent, North Vancouver 



Queen s Prmtor tor HrUish Colunibia > 
Viuorij mss 
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